“Calhoun 


Institutional Archive of the Naval Postgraduate School 





Calhoun: The NPS Institutional Archive 
DSpace Repository 


Theses and Dissertations l. Thesis and Dissertation Collection, all items 


1992-03 


Comparison of graphical terrain resolutions by 
scenario for the Janus(A) combat model 


Toy, David J. 


Monterey, California. Naval Postgraduate School 
http://hdl.handle.net/10945/25750 


This publication is a work of the U.S. Government as defined in Title 17, United 
States Code, Section 101. Copyright protection is not available for this work in the 
United States. 


Downloaded from NPS Archive: Calhoun 


Calhoun is the Naval Postgraduate School's public access digital repository for 
| ۹ 0 U DLEY research materials and institutional publications created by the NPS community. 
FW Ser Calhoun is named for Professor of Mathematics Guy K. Calhoun, NPS's first 


"IN KNOX appointed — and published — scholarly author. 

OM LIBRARY Dudley Knox Library / Naval Postgraduate School 

411 Dyer Road / 1 University Circle 
Monterey, California USA 93943 





http://www.nps.edu/library 


"TT! yi 5 ۳5۹ = 7و‎ = ۳ Lo کش مرچ‎ Mal aee Xo ib ro phy Mee ind o d یی‎ 
فى‎ A^ > i i d : "NET f re tan a mais Leno er PH E RUN ID: ی‎ AA E ; VAJN, 
^ " LX Mm , Ra dn OATES CEN TRII) PAT 8.4 7 | ی‎ CO هد‎ EOS i Gb E e 
1 % ۱ LI 7 TIA der MEN 3 (O ع‎ M Ln aas Ku TT ker hl AR 
O 5 ٠» ESPARTA NAT | Th. ek عع‎ ÁO Fiet PD BER Lr I CE eion 1 A DUIS a وتات ۳ و‎ 
b ام ارو + درل و‎ Ars peo ۱ des ki ys "yx DE m rn en S, Pra Vu Ay RO S te ٩ ESRI eee ل‎ ep rs Pie tory ken 
0 3 n 1 ۷. ۰ E L Ph TTE ur 0 
9 ۰ À I M. وج .ره‎ 2 + ra 1 MTS a AL ۴ pr v Pr nO pe es zeo, o SAC. اب‎ t e tuns TER EE ea EEE 
AA P pi 4 os A 
« ۱ Liu بم‎ ou Ze Nee ef de AY a Ka ود موم نه‎ d tim HEUS d M ĝ' SOM EIN ADA wee RE as EDS, SENTA ETO 
A Am ORS VENTO roma smo? rere roe tr vu rva e DONAT 4 2. RELO rS. SA pucr P^ i vnd 
8 so ai Poa La er a u ee mp EE Wr Yr ES S SR ROS TAI POE . و‎ SA DUNA m) rasa ASA 
zA $ a ١ 4 “ AS Y Elam > ^ D pe N! af o A. ben. و‎ RE دود ید و‎ Pr بت‎ 
LI 


> kim 
' chia a ~M, t 1 e wok Sey = p1 ob nen HILOS ای هر ا‎ Dar TEN HT pa T تا‎ Rea PO 2 ES 














As 
ST: 
i 
00 











1۳۱ E 1 SL? rte SLUT TE PE a Uu (9 















Ü 





























3 سر ی ی‎ ROME SORN DIO DRE 4 4 4 






g 5- Tap A Apay A O O EE MAS e ر ا‎ 





















































5 نت‎ LIN o د‎ 4" Ly: Y = ts Ns AS Hadi TA ni 
T ES AR Y TTO مو‎ MS n ERRA PEE E 


أو و 
" 


N 0 e 
1 PE p ext ^ 3 x ved Bert ern AIST einn 0 بنج‎ A TT £ 4 ا‎ EN. o fA ALS UC اب يك ايه‎ : 
: uon عمد ؟‎ S 
۳ 5 aao am Karla Br iri der o S ety DE TET Laik t ub, ا‎ e. ل‎ H Mery y CR Ex 
e» 
3 1 TADE a J oe uu tT a A AS » Prov A à D rrr uel ray , 
3 1 R 3 TI ۳4 Hu PST Fe a LU CT RO ATA م‎ ZAS NR BER AN ERA ی‎ A E Ar Pre br 4 up qu. m بن وو ر‎ a 
ACE agmina 
5 5 mE 5 4 * EA ae rmoj pi DIFE EPIKO ESTA ALA Y Ls, 0 | UMS ل‎ A EE 
۱ 4 1 4 ده‎ e” Siria! LEY n er T RAUM Ya bius ساو‎ ENS od m TE his Ese ا‎ mdo OA AMA Tipo PRA A DE 
RE 
» D 
nd ۱۰۹۰ ۸ 4 TESI xd M MES DUE ig SO Ad ame SB Af arme enh Bes Hie EM DEI CEIL ETELE TI 
24 ah rme يا‎ A peto nee 
nU ee و کا‎ se and (ap 
0 rai a bi TRE ved. AN den !ا‎ ETIEN ICI AER [E LA ۰ mee i E] ro ANSTATT, -- 
P" a 
IRE Frer av E 3 
Io و و‎ 
4 Mum rA 
MERDA EDD ERS 
jA 5 40 ai 
e todlaf& ^o M wr i" ۱ Y y As SD 5 A din, N UEN iS ا ا یخی‎ Ugo 
MALO مجن وم‎ 
į br 
2^ ۰ ویو - ی‎ + AAA EN PIN TITO AFE A INN ES y a ie x nie tas ar ares AI E A 
LIETI TE ETET O 
IND EOP LITE ا‎ att E 
ERE Dn ا ل‎ SO كك‎ 
١ LL LII 
27A ITEM DIEM ay) Peg tee pen UY PH sa MEER UN us IO ua dd apt re E REDDE AD i pom Pea i و‎ e n ی‎ vi V. we 
18.” a 
CIS 
1 er ree: a’ MA km laj “drs A peas nun Sun DOR 1 AS 83 DESEE a a; ve AUT eb E يذ ود ع رة بك قة‎ A E SE ys 
Meer. TCR ma? CAES EY E u EN 2 etr OT 
1 4 ۳ EE 8 Fr LAN H ; ki 5 لا‎ 
i EEE SUE RO MION RR Da EE een 
. t api O usis MN TM í 
4 N E 
CNET MA Asi A ۹ 4 
E RT "YR Rah PE Laga TTI = og 


AA 
4 ۵ ۰ ap ten An " MES NEE ro PRO LARAS a. me Vi A TEO EIN FTV IK “nj Ex PORTO رم‎ eka by 
E i yo الغ‎ Aa Gi Me DK اه‎ f P. NU E LIEU] estan N 9 ی‎ E c E e V cut 05 
sado 45 
" m t te, NL 4 LET LH Tr د‎ bh ie وک‎ rri POTE SEPT. iiA E epa WR, c ^t اليد‎ DE 0 a U AF 
"T JUNTO Rer BY: ET ۱/۳۹ pis KOSTA ILO ها و این‎ rt T OEE "Tr wm 
LL 5 h 
LAA ve 3 vlg JA TIK Ms fet, mi RE us: PE ل‎ AAR, ديه في لاع أن‎ OE. م‎ ON 0 MAMAS و0‎ VO 
v Ben ulm) DIN ا‎ EY D Arata EE TP MATA A A RA مر‎ 
CLIO , 
Y une TI st or EA A Para tiles E ar RR ARENAS EL KONTEN ١ 5 AIT S م امل‎ 4 F ~~ em اند‎ br ko LLI Ea 
5 «d 2 B ۳ "nr Lid YES PR 
۸ ۰4 ۰ ۱ ان‎ dr ar Ada M 0 E Y nd وعدم‎ ٩ هک‎ LU t مها مه‎ ۱9 ae sian , 
mum ki hes E SUL P ILIS sum NA DILITO Ca DER OD بت‎ C (e etre LL] a Pn m An 
u ۳ M SLT krm فا‎ DE e 
E ANC. AS E 
n Et We BE OS Base sa 
1 ا"‎ ODEO N PARA i ict And pra e وی نا‎ Kar EL 0 0 ول‎ Petron 
PILIS E! w ray فد‎ EA! vr 7 04 LE IPIE [ITI P L DEAN e UNES Ar; ao PTE 
rin 4 
n S 
M rc Er ese peepee AN E be qa ad CDS kamoj PRIN w re 
an Y TE VOS 9 24 1 Mar y [3 ACES LI Le ILLU 
v O ^ o. rU DAT rr i 
TS ETATE Nei Ed Sekco TON LT LUIN TIN TES baden roti Py a E HER. ku 
1 ۳ 1 LEA LI. 7 مرح‎ 
ETETA REOLEN ا‎ XE GEN EN Î JA VAJ AN 2 pd و‎ MEA et AT nko AO 
ومو ما ووو وه‎ 
LLa TENNE TTE د‎ 22. y و‎ o E O TS ان‎ AZE IAEA NEAR ep vem Rb MID 0 
a LI | 
رد‎ hr 1 م‎ | cl Üben =. ww y PAE vom“ 
AM. s SAS n سب چا‎ e d TURDA RR} i cm Pise ip Dl Ts rey 
٩ ۰۰۱ ۱۰ Caf SLES رد‎ yugo As "EE ED 2 a E Ga ch bi 
h L 1 ax ES ل‎ E DT E 
t AT" | Ree SE Er سر‎ mea LI 2 
9 L> Hr m ليه يديب مهب‎ 5 »t tee EEE 
i, 








133 
um <“ ۰ j i 1 aplus eun * 
. nn vua A OP ET H 


e‏ اي 


ais EE TERI 
ner 1 


> t 3 [PE EN $^ [] E 4 « € 
L 7 ۷ Reve Less T een hs جیا‎ I Er Du hr: REE a أ‎ IER UA, 
FR Pen TO le EAS Ts PA بدي يق‎ et "m DIXI Em ۰ 
4 1 ) UNI ۷ ye 3 AAN NOT PE MAH "ee es Mite LU "eb MA de tal T STIER 9 مرج یر وتان‎ DIY (s PT eun US 2 p] TEES 
3 
0 4 "rd E فقو‎ ٩ HN ° DII AE ARS eae اب‎ ha doeet riw: هه‎ ECC 
ب ییا‎ 
A 1 5) ۰ ۹: Moy Phot Me ga ۰ Y TAJ PESE AS num TN ORE EY kaL A (d e f tc ran au ARL MR aŭ aret از‎ LOL Ad Ne: 
4 
qo] Pater ran میم‎ Der A tobe a AEE ۹ 0 LU E e 9 
5 0 UJ 0 ane as taj NIAS Ro Seco] هنا‎ Dx رد‎ E KEE 
, SE ل‎ AO E p ARO a> vas 
1 : eA Pu t MAANEN ihe aed A jo لب ارم یمن‎ a8 ج اچ ھا‎ 
له‎ 
9 WS MR OMA به‎ O SIAM ar a cere, Hi aree pa 
A Dir i eS مها‎ E e/ Du 
us ac ERE TA 
7 MEI Lodi ae canay E DR eR. 
gu. €i E hi2 3 n oy LS A Y de PAR EI Bee پا‎ a a TA IE ere! mim Tel Te Jta Nor? ee m As A 
EET wets Oe ae LL ST TATE Y DU "IM CIENT LUJ [APOS LZOR IS LLO ۳ IE P ۸۰۲ CR هذا‎ LE SN T x SIUE 1 
krem ی اوه و‎ an ۹ Y 
& ag ۱۶ ای پر‎ ku pu kk eheu Baar) va Ao E” kelala la? DENT PIE ^ Hr 0 d Bandes Dr 44 b wA i T o Sea 
EE CS PTE AE "TE TRAD rl HE) » MU 39 E M * ^ OU Kokoj p 
۱ ۶ v CIN SI LI 
که‎ LD E $ 3 E رف با تور‎ kos V i A D^ e PEL 2 
١ S e ae n. ra CEPS 
۸۱۹۲ له با . وه‎ ۰ ۰ Chey ORCL East SCRE ETS | KUKO SD bJ bo amo l” u [erari VN UT ue 0 
| } : TA E Eo e ¿40000 1 
im. 0 TAL feas 31% TS ESTE TS ep ٠ PIS met د و‎ LAS EM وه 1 2 بای ۱۵ج‎ CS care ید‎ A isto AR EONO 
3 & ve Au i) ۰ £ 00 RENA dy =. DM 7 TEANA . pads ۶ pro : 
ru Cte 2 uted 1403 "D dd TITO] 
۱ ی‎ 
"cuu gU TED qe و‎ 
۰ E ON M NER. BSR 
una tao M ERA PE set PEE 
EN Ap PEUX, Tr Kha A ~= 
OFT PEN CIN MO ee bi kio ie يذ بدن أو يه‎ (AS ĜA 


Ri,‏ له om, FER E tom cere | Mir ed SI PEE geo E‏ ا 


e ۳ 28 m 














bes. مجعو راف‎ 
na Uj ۵ hert ® یس‎ itt 
un EDITION LOL VEN MA RES piste دی اش‎ MODUS xbv, 9 ei ان‎ TA, “Ui. bth To: 
a 1 Kar im ليدوم‎ 7 „va EDEN 3 Pu atte a O ASE 34 مور‎ ppm a = DEDE! 4 dm E no 
RUTTEN e e ١ in ١ 1 ۳ AAN 1A aay 2 I AKA EL A j Ar tr EE 
dj er e FER Bos I vt MT wie [VU no tako Ke: FER = 64 وه‎ 2494 rM ae BUD EE AF ی وه‎ 
ER d M «tw Ze LH Ads Pd Lu hört " م‎ ES 
we Li E 


EET LM 4! PIT 5 LILI A UOT 
E y' نوی‎ LITE "TAN m A TA? roj 3 
٠ XE 1 نا‎ “y nl. ti y PAT | A Y 
4 لايل‎ komato 4 LIN AA A | 33-9 24 xL At P iu" "E y 
tu ES O fa 4 d LET CPC ES dv METI 1 delet KLI] Eig a TET TEE wr Ari rU 4 7 et D PEE 
۰ a ‘ . 0 A eer ee ha TE RAI ١ p e T + Na ۶ ۷۰ IT Tania و‎ i va ub M gi S EE و‎ Lo 3 5 ی اد‎ 0 RIS 
; ^ TE واه و‎ O Lp EE ۹ Eh KUZI ; "WE ARTO ze 2 SERIE dra), 9 gas E ES REL EA ECU 3 PM Denn 
a ۶ "m rJ Ar: la PES. TET EM COT 4 ug fo = Lu Wt 5 M Nun AS HE iv fy ake > res I E ای‎ ^ UA Mw T A in E : NAS ird 
۱ ¢ [DE ل ار‎ SX 1 UMAJ AA GHW ل‎ af te Ae, EEE RE A ود‎ AS Eŭ لك‎ DO E" DOR A KORK LOLIO Eos = 
3 E S ۳ ١ p LI 5 > Ein trys [P LI TU K] AMT NP از‎ pon 1 tM x ۸ doe US EN 1 se 3 As ره‎ sy vem kz), 
1 H uj ۰ us A $ . Eo Yi LI TI DA 0 8 E «Br i 8 Li e e. 
. in as PPE SN LETON VENT TATO DECRE "TTE "IUE ری‎ E 4 A PY ا‎ fhe a 5E EET M rr ERA pee petty ah ipm KL D IPM = a Ko Keys = 
۰ + y COJ ۲ ل‎ TL 4 1 II KTA TEJ] Pays 14, ۰ EY EN ch LI [UP TR A TII; MA 1 IHE MEC EAE "HO aUL: E by Br as Ta 
A boas EII NEE ik hE mr boe FE 


t 
rore "NN TAJ DIREKTO tan A LTE HIR UNTER TPE: ee banta blo 
se دان‎ a Br د‎ tn) EN Ho AOE LIES eH lu REN A wu e is 

AA t وو‎ r a trae DIK PL 2 4 
وف بل‎ pri جو‎ ĝi le; PER er Eur 


t 
0 ARTE Bodin vn. 1 OA LOWE ORE 
^ a hen es 
CET hk Es) 


TEH "END E‏ ا ا 
Es ie KN a DI os reu i v:‏ 
ren fune Een RIA He Fi re ۴‏ 











Sx t 
































T" FTO 





: ps SEDED 












































































































































































































































ID UIS UN وه مه‎ A eko CELTE 
E A s AO mort DE PPS ha E t dei 
y EU b d Quis. PERRA TE PROS 
AGE SE t cs D 
Ad bas? DAE PL 4 
P cn a eia EC] 
DIS 
e a 
y TL أ ذخا‎ ZI ~ ۶ 
oe ei PER TUT 
Pareo ao NP LEN 
EPA TAO m AA 
1 FE 
£i 1: E A ا‎ 
r JK) aia! ۴ 
3 am 4 kib) 
e ; A Lodo 
d is : T 
¥ d ROT 
M E TI 
uh Ae: Au 
| EK PE 0 RE 
D pL ا‎ es 
e A KERELI Y 
0 : DE i ec 
ME EE : yee 
AO يح‎ eu و‎ ۴ : 
a 6 E ERA 
HAE E) ELE kk REGENS: o 
>: PC EN pee RSL EE ETE No ae es 
= J A Sod SEE 
3 be, Zi Lahey Berry OE fa Eg p rr 
e 1 M DN EDS d TASA 7 pid 
Ka E X XO rb RARE PE Ya و‎ SI 3 
ger y RN PH b ERR 
a E SS RT koj 
ir D: dua E ERU [EE HEUS 
"m 2. “aka auk, ا‎ E PE 
3 PASE oi 47; HUS PTET TS 
P Ire Lea Rate e 
HU My a! 9و‎ ae ae موی‎ EPT 
m 2 28 E fi 
4 iela ja TET e e 
RES £ d AAA: 
UA Ww A 5 3 a EA EO oed LT EGF 
» » & A 1 1 $ Erde 7 p pe peg 
2] Sia te st = EA EVE 3 
1 PH ets TIPP t EL bera 
a ep ی‎ ke و‎ LL S 
i PERES 4. 9E ERST ای و‎ brie bets Be pa 
Nd A e 4, Et PUR 
SS mid 
Y rok ĉi 
UN TANO ¡A 
os ERE. 
ELO MP ei 1 
ALLE LUE LED EU Ed ۵ 3 
Im: LO reg rn 







bé. 
















24 
E 
M 
itu" 
p Pd 
rebate 
LE 





92 

Vua? 

dero 3‏ نكم 

e AS ale yá 

ee tere E PEE mp ME 
T 











A 
ia 
ET 


9 
LIA 






+ e 





58 









1 ri » Mata, Wm 
DELTA P یا‎ dod = 
Oe ko ی‎ ER, 


PETRA $29 
E AA ES: 


X 


row 
PL 

p 

n 
"ad 
3 
D 
"n 
ima 
E 
4 


i 
n 

E 
E 







Ey 
1 

40 
HE 


































«y y 1 er y ak peniso enn M EE 
TEN Er så o 
SUON Id us 
PREPO Le و‎ H3 “er ^ 
sf drs ;P E HS E 
A n EAH CHI M VE A 
AN Pity 3 x x 1 7 
> S Een RAM nm x m aii ible E 
Jd" sudo bie bg jc ph, 
EP E 





LU 
۸ 
۳ i ĝi 
A 
D 








7 
II Uo 


c 
1 
LT 


Vern 
A UE 





5 H 
M H CE 
تور‎ “eĝa mi. A U Bar a ae Ka = qe, 
ww را‎ ee HALA ناك‎ We exten dates i 
EEE a pp aes Fut ER? سوا طلم‎ be, E UE p PULL 











i EN ry y T A aa 
fe 46H AH, M rci tn أجلن ولي‎ DE oF rki ko CTP peo دام‎ err 
ite erat 5 : r e et ۳۳ vin Wu Oj : p E ee Aaa aer 
9 E Eur S ER T 3 مس‎ n 0 of y Naj RAAE id H X 





“er, itl GR Wes ha | 
PERET D abe Gp! Ug Ur M T 

0 EN ad i RE oe nut aS 4 wets 
HORE A a M zt i weit : E ara LION Ron v oa E 
[EM ttr qr ot ET Pg da kin li jra alge Du 
Mae 1 M f Fix iE hr 45 erae Sexy pp D e یه‎ 


IA ron enr vti ie 
y M EY DIL Tuck. stof 
OE cg RE M RS of RN HER rn . 
SEA ki “4م "كك‎ P RE pr اوم‎ m 
Sy نجام‎ fiu? Ee DRE 










ENDE 


ph‏ و 







E IO me 















































rr > eret RRA be) Paro vei 2 vni Lue M cin نهد و‎ abi y uk ايا‎ 1 : So qm 
P 2 MO Pie POA paa a E je eese no EGER E pe vised bake حتفي جد‎ RE EEO 
HFP KEAS aki : aL Sd 1 و‎ pa y دز مد و بو ماو برد نی‎ aL PTS 2 لت توس با ی‎ 
Eroj Ei UPS Ea tar eN ears) bets Geis EE e E 
LE nate PETER IHM BEL DAL BE ie Val ی‎ ERS RE هه پچ وس دهم از مب‎ Pj da Ole Ty ek? 
5 e A e ki U e ب‎ 1 ot a 

a AS p HAGO. PENIKO , LA 2 EAM MAE Li bore Sues S لجا أ دواد مه ی‎ KAD Dara x BES 

M A note Chl ee roj, ی ریخا‎ Phe! lee LO Vida rM رگ‎ 
P NER 4 3 7 M ای و‎ ete لجل‎ pn n FM وا طبر‎ tay DF e e ke p Y MGE US FL» d > 
A 507 ^ Laj ny RETE 7 4 * a dco 
C v1 dien. UTE Fen E ۱ دش هیا[ ی‎ eĉ شا ی‎ addere 


4 
te E Erkko eg SL e rd ETO PES vakas BL ten usa 
a E AAN EAEN RRR E ui AS un A CAT 

o n 2 € 1 M ۷ 6 وط‎ kOJ ai A 2 

[o Vt 4‏ ا 22 A Fn‏ 2 واف و | قرش 

RIT LA Ed 


مسج و 
NEC len en ee emis en d 24‏ ع تام 
ete clo PEU IPC EHE tate E‏ ل ral‏ 


ei ۱ E eil 
راو یی‎ + E OSE De Aone e RD An e ds RET Pi Feria ون مد‎ 


3 (E $ LA ra od o LN B LIU AS سر‎ ê 
2 ا و‎ o Kirk uiid pari S P t Lu LER, Pye: ete وده وا‎ LLG urs M] م‎ di deis E ea 
MY > f; koj ed Hagen Hal rer? uA eI H MEDIA HONTE me eg بو هد بو اه‎ 
+ En me” Po PEER HA AC LES SL e se 3 let یی‎ TI TS DR I awed 4 


d T MS t] ^ be er Er, یا میرن رفینج‎ 
۹ T pi ~i "LI Va DLL ĥ 
AME A ale + ب ۷ اي‎ “a bit MEM Fa de ا‎ ARO ^ تفج‎ yide iv ی‎ a مدع هن‎ eni 


7 

ET RE LT a duran; ERTE TEO een a Y ۳ LM nur ae cs Lala A A: M En Rn 

alien, I e OS A OS de D ری‎ UU erts Li AJ HN ee fe ned ratte UL er, Vae ل‎ 

7 0 q s e d E Y et) a 0 wt Hi n 5 لقره يسنن‎ 

A AO E * E C one i NE artoj TER PAS 7 TP ET Me HERE T Seg DHE qu pre di en 

vats > ee ee,‏ اي A Ot akoo ee‏ 4 ده تاه یش هه “vim vi GO ER = T EP EDI Pre‏ زبس En‏ بل 
-= بلج اج جو يه MEE fo meena “vr! weg ser‏ مد PEL EUR ct mee ae te ne EP J FATE V PCM AD E uM eid‏ 

po: Tazio‏ المي ECL La Ben‏ لأسا هی رل O EA‏ چچ S EAT PLE Kies‏ ا 
FEN AA Ka] aaa TRO Fg PS gn tmp EC kambioj e einn Ep Ud EZ ITT TA RT A EL rice inch Lite‏ 
kaj oh bres‏ 
















1 ni DA وی و ازج‎ 
(P rw AJN TIKO 9 A: wx 
i wh ul AS | و با او‎ aai 
ی و‎ riot wwe IE 
no 













byee 
€ 

















^ 
s A MA E RM ed rH qe e و‎ HR: En: E KJ a aJ ره‎ 
AE wiu“ ve dA ASA pa O A e او زد‎ deno Ln E eA ELI 2 aaa lis taria dd 
E ur را‎ AGO $ vig و‎ O ET, coget roj mire A A بخ وم‎ A ED akeo Ka سم‎ hi pe 
eas ev. pt A 9۹ LATOJ NS ivy مج‎ a po وق‎ eb Lu E ney + بمو‎ PIS > de P E an Sp dede ee! a Ley POP rio koj 

EAN e AS AR AA A ut S moj Ari iru ند عوج لب واو كايا ا‎ PARET NA لخن‎ TEL te eas 
c Vx ^ um eme vt y Saye g ا‎ te iiri y mi 0 AN DET atte ۱ qum. inki +9 | 

3 x ic tert, اه هن‎ ve d 1 peo M ال ان‎ rta 
Sn vi 9 م‎ Na pe Bandes 4 ts Pre} Bii beta tie He Pee FIEL MS A ل‎ Mein hU Peral ĉi, cT Ci o a eri عله‎ een 
di (ire EDT st Tied e piu LRA a A ab LLAJ E LADE E NN IS Ba ra h ve 
DARIA AAA AN E i en بسن هد‎ nie pene ere ree ee 











er 2 
O A MR Eco LA FF aR TIN 
so. pi ی‎ RTI EO ES A AERIS 0 PRLI POLA ALK ma peu rr orae Rd ET A ae Soha LRL laj 


à ^ Ed E AQ Wl ded 
fU e pol, AIR NI ei qa ac ry ر‎ CRT e mS un EAS m 
A a دی‎ re RV php ki ern ESAS tos na RAJ EAD AM Anea bo a E S MES EA Le ip 























































































X , 
F4 40€ y vu Md uL a "m Pm mum 
"¢ 


NR fe gr ee 7 CE KA] رن‎ | Pe re 3 err a “og. mE o ld mariaji = 
FS Pe Bees teed ie "s p Den Poe. RER lud a ES VA am ان رم تلم تاه‎ Laro pest حنم نا‎ ede: da: 
aba Bao A e Ge He SPD EN REN PG onm KR AKIN pu wpa oo i inh pe io med 
Pr ĝe رد لكأ‎ LILI E rp 4 “4 
2 4 y e T 3m Aa ۳ ay repos EN om و موس‎ PIT 1e: we Aa د ا‎ pur KOH TU M Meso 
2 Ire al 2 ی‎ kt lL f ki + TS ej A n P Agh POE es A ĝua rak almia Lom” pietra LNA adie Lb baie 
NAS A INTER RE "iy. LIS dA LE LT EPI ۷ لع ين “ورا لكو بل‎ nan HEAT (Pp e^ Aur Wim vau wow LN Cp A vtri eiie n 
7 a Dm: وی و‎ 4 5 4 zi rct b 5j 
۵ 5 ۰ ارام‎ e مي ل لورتب‎ a ا سيل‎ oj emo PC Mr TERA ARE LOD SE Ko pese LR Peete Ps ĝi petri 
el Be jes E ~~ ikaj qi kvi apon) irons RE RS la kon, UOJ red q Le eg Ao o ndo Ar; pa pa! o; 
0 d b pipi IO kaj qun 1 EGR ene fekis "gluas as gi don a qi S هم‎ ail reer Peroni ens 1 oie WERE 
۰ 9 CELA tht و‎ E > kaj از ی‎ E ۳ Park STILA i H EZ alus va ۳ en bad IRE 
PIE: sigmo FEE Ka Ji uns d Se > Ste Fab p ¿AA ره‎ n و‎ kio AR 3 ete AT aen زا و‎ is a IN 
نا‎ de / UN I ao RA DA AS abhi E] ی‎ Pip So bert baits v eH e PL Ne ERE 0 Cray Re 
n *. ia 1 HL E) Mun AJO Th يحي وب م و تع بدي ون أي يو‎ wee RN دا کرد‎ siro aki odor EREY e | ا ا ليم‎ Y ار با‎ A 
d > * Kiŝ ĝi Eh y sende PA ĉen TEN i 1 kajal 3 tv ots EE LE KORNOJ e e Cer, we PS o KONO: TUER xm 
a. DA y d ; h ا و ا بذ‎ 3 S o tial th a do te Be Ae a nt] da Se دش | بن‎ Li 
0 * Lt 58 Ka و‎ A TEN TAMO ety MER ON hys E naĝon ج‎ iE RRL e یز‎ xv رز‎ o ] پم سول‎ Eropa 
5 = E E, f UTE aut fe A a dew "s PE qus > BARS جيه‎ ETO IS Pi ap ss ix: AS DOC Ur dos de ies. pd, ele ae er l a RU uel 
0 - 1 QE A. 3 La à 1 1 rên gr A, - dr A AJO LAJ Ae 
d UL uo ETT ا‎ nt ار او ال ار‎ a ka EBORE atas LAE pr epu d BA a E Sud NONAS. بيرم‎ ies E gh ns H 
ise 1 yv? d 2 oe. abl RL NS ei A ia Pirate de ges kied pe ra pip Ae emos يحسما‎ KOV NES AUT d ER 4 NNI EC Fee 
Jp RA E ٩ ۰ ۷ ۶ ss ee RN k , رن‎ ang POETE ANONN تا‎ oov: Lio gen | HEG‘ (PA Ti ah LI a Ne 
0 Ri ATAR 2 ye d) e Pg 3 . n fe LIT LR Lo du d Ya 3 Cort 
er 5 " n. Punt ier ehe. Di die RER url ye ELIS D Mor MD iie ue xs Er دح وق برد‎ OR XR AR ad 
EE " PP y 9 ی‎ ai a i 0 1 wu qty C d eu n praet 4 x ck, ia 54 e pes > 
- diui PU EE = pad WERE sen 3 ane ok: ADD s N 74:874 474 ۳ eda o Skalo pal kak 
١ es dh JL FR تباید‎ NR ARE ero jer Kr ee seh doe PR EE Ieee m ER ONG a 
3 d^ BE dp IL EAR ĜAR ۷ oh Ae T DEO ps x 4 A d ib Ye ۱ VIA rero ans bobby pores X S A l ded 
م یه مر و وا‎ [oone muj ابلا فين‎ Don hy ri jay AO esl eon esas ME M LOO UM KIOJ ko No E EIAS Magia a A t 
ALI ko e ركرك‎ i gt etd sch niri en at و‎ Pon] LIK AL sia و‎ ANS ER SNY 0 A Se ی و هر‎ OT TL koza A 2L, d SLA MA, da ke da ELS LT 
Zu Eo ۷ سح تشون بل د كبا جات امس میگ ار‎ AES D RED ve proti 
1 ` Bryce , de st E li 0 UA الها‎ a e o eL] E Es Grs rr a” > cad 0 ل‎ KU: pra ay1 „LO NEGA Ur RD EE POLY اج‎ e EE i EIS da a à 
d EVER e TE Kura ko re i TER LAU E 2 ع‎ tte SYRE RARA n XU = E 84 P po FR 3 ی بو تا مهم‎ E یر‎ a هد‎ 
۱ Ny از‎ nt + aĝ” ها‎ RE a ۳: TRON ho E% e D ۳ E ALA در‎ LI 
da wm DA D ابا‎ VERA. وجل رياب‎ E rca PUR E Ry. SER ی‎ Senn, nae ۳ i PAULI 3 s d RT ET 
M Lhe ets de a be P اد‎ P SR 0 > زيب‎ PRN ا‎ D Kusas duras iR See o = Er b = pad job 
b a e E E NEGET "EAT ^ ny EISE Puri Jr dean D od RT 5 Ys = veu RR TER are ال‎ 
5 iet P SEEK Ju BEER M. 5 € S ped kam dr to popb ید‎ v EE 
5 i A n nta 5 AE n 1 ا‎ 
7 ی‎ Mk E OR Ne AMI QI. A E n. EU = AS AH AOS "a ~=: 
1 گر توت‎ en رای سم رو وهی وی ی هه‎ PEN EAE a Pi iie CR S s mar vitia 
RT CR er a A nd Ai te ا‎ REAR بای‎ Î و‎ S M e CA o LA 
1 پات و‎ ne Pac r 3 ا‎ A fe e Li “desa RR LTR | 
1 حرط قبط مسي مع اون‎ ie دار دوب من‎ AE: EEE = VEA TM e 
T V A v 3 S prre D مه‎ no ‘ 1 a 1 
a ول‎ died ix er Le D IF LIAJ * a fe eh دی‎ n: PESE RSLAS ا‎ a REE X RÀ LA Y Sr i idi ودج جد‎ A ES 
À ee? 5 Ries e y nite yy S PENNIES or XN EY BRETT 
5 oo ĝe Pe, PI LN CA ev kk H 3 LI 5 Ü e A 
Nei. Ku Pa DOLI SO AN ku OO 0 ee A DAA روز سر و‎ El 
La an RE e rt د :ها‎ ev [XP PY ^ ¢ one 
x لو نی‎ BERN 00 E ODS Cue Gene 
Diss لد هر‎ loan دوا اه مله رو‎ E 
3 Lon ee igoj a Kah 






in: bes x‏ هد 
RER Rede A AS‏ 
PMR EON AO NS AN‏ 
olu vs A "To + PORE SUR M LARA E UE AP D UE Kc phon eda‏ 
RO RON AO A E O EA DO HEC‏ 





3 
^ 
d= 0 À 
is A 
3 ^ 
0 LI 5 
5 0 9 
TN: 
E 8 
> LUA | 
à 
0 
D 
a % 
8 ~ 
A » 
۰ 
Liuj LI 
انا‎ | 
٠ 
LII 414 
SE 
a * 
N 1 
MP 
5. 
he 
١ LE 
^ i1 ۰ 
£ 7a 
q, LL 
M , + 
[ES 
0 
1 2 
ae ٠ LI 
۰ 4o 
ú% l 
۰ LET 
ND] 
۰ ۰ 
- LI 
Ron 
E 
o E 
وه‎ >» 
Fy (^ 
١ 
= 
ووه‎ 
[EO 
PINE] 
1 
II 
. si = 
0 C 
Le ۰ 
.* كدء‎ 
PE 
^r 1 
' 4 ي‎ 
۱ 1 N 
T] 
E Lid LI 
"ee | 
0 
bł LUT] 
/ e TI 
ود ده‎ ۰ 
5 ' 
TT. " 
^ s × 
D 
E 
. 
4 ۰ s, 9 
۶ 
L, LJ 
0 
E 0 
E. 
١ 
f 
, 
1 
E 1 
= 
Ae as 
taim 
a 
0 
9 
UN 
LI 
3 
5 ۳ 
E 
a»? 
hy 
gy a 
E 
, , 
H 0 


- 


EL] 











NAVAL POSTGRADUATE SCHOOL 


Monterey, California 





THESIS 


COMPARISON OF GRAPHICAL TERRAIN RESOLUTIONS 
BY SCENARIO FOR THE JANUS(A) COMBAT MODEL 


by 
David J. Toy 


March, 1992 


Thesis Advisor: Donald R. Barr 
Co-Advisor: Captain Dennis D. Bundy, USA 


Approved for public release; distribution is unlimited 





] ۱۱۱۱۱۱۵۱۵ 





٩۱۱۱۱۱۱۷ 0۱۸۵۵۱۱۱۸۱۱۱۲۱ ۱۱ THIS AGE 


— — —— ا‎  ;: —:——:——:— ~— ———] - ———-—————————— 
— = 


REPORT DOCUMENTATION PAGE 


| 
۱ 
||: ۱ ۳ ۴۴ 
| 
| 
| 








La RE PORIL SECURITY CEASSILICA HON Ib RESTRIC TIVE MARKINGS 
DUNCLASSU MED En WM uu 
[25 SECURITY CLASSIEICA LION AUTHIOIUTY 3 DISTRIBUTION/AVAN ABILITY OF KEPORT 
| 





—————— A lilĈĜĈŝXWwWwMuwx—uw, Le © ee f Approved dar publi iebeasc, distiibution 15 uolui. d 
Api DIE CIE ASSI ICA LIOINZADOVVIIIKADINGSCIIEDUIL 








ل — — نا شد عت 


4 PI KILOKRMINO OKGANIZA TON KEPOKRT NOMI BG) S MONHORNG ORGANIZA HON KLPORTTJUIVIGLI(S) 











-——— —À —— M — — — — 


bu NAME Ok PI KLORMING ORGANIZA LION bb OFFICE SYMBOI Ja NAME OF MONITORING ORGANIZATION 









Naval l'ustipi adince 9chliuol (f applicable) Naval Pustgradirata: Se hol 

su 
be ADDRESS (City State and ZIP Code) 7b ADDRESS (City, Stute, and ZIP Code) 
Monterey, CA 93943 5000 Monterey, ĈA 94943 5000 
8s MAME OF FUNDING 'SPONSORIMNG Bb OFFICE SYMIOI 9 PROCUREMENT INSTRUMENT IDENTIFICA TION NUMBER 
ORGANIZATION (I! applicable) 
ü. ADDRI SS (City, State, and ZIP Code) 10 SOURCE OF FUNDING NIJMBERS 

Progruin bic tient fie gerad Fio la.) fio Work UNH Ai Cau 


۱۱۱ 





bd LLE (Include Security Classification) 
COMPARISON OF GRAPIHCAL PERRAEN RESOLITIONS BY SCENARIO FOR PHE JAN SAD COMBAT MODEL 





س 


12 PLRSONAL ANTHOK(S) "Tay, David, al 


da TYPE OLRIPONRT 000000 Fab TIMECOVERLO © 14 DATE OF REPORT (year. month, day) l15 PAGE COUNT 
Master's Thesis trom To ۲۸۱۸۱۱۸۰۱۱ 1992 45 





lb SUPPILMENTARY NOTA ۲ 


Tli views e pressed iitlaüs tesis ate Uiose ob Hu antlior and do noc rellect the ollicial qoley or posttiun ol the Department ol Defense ur the U S. 
Ur ۲ ۸ 


17 ۹ 18 SUBJECI TEKMS (continue on reverse tf necessary and identify by block number) 
E FRIDO GROUP SUBGROUP Siiilatiins, Madcling, Combat, JANUS 


———— —— — —— س‎ — — HOC eee 


HA s a m b س‎ 


19 ABSIKACI (continue On reverse tf necessary and identily by block number) 








The purpose ol tlas thesis ts to investigate elfedis ol de graphical terran resalutina ol the graplacal terrain resolution ob tha: danustA) 
Ciunbat Model. Two seenartos were compared at diflertug terrain resolutions in order to determine If the resolutian allerta results 

ul (be اه ای‎ Severub weasmies of cllretiveness (MOa) were used In the study. The results suggest terrain resolution nsed 

to daonst A) ol Port PHontec Faggett does iot nupact greatly one the antenne uf the stmuatitious of two yeound cambat scenarios baer 
انل‎ MOMs  Thawever, there is enough evidence tu snggest that hither investigation of graplacal terrain resolution should be 

۰۱۱۱۰۱۱۱۱۰ ۱ ( ۱ 








20 DISTRIBISTION/AVAIL ABILITY OF ABSTRACT (21) ABSTRACT SECURITY CLASSIFICATION 


E] DION SS ANA Mb e | ] sand ASIU POKI i | MG ui KG Duclassilicd 


ai —|——-—-‏ س س 











22a NAME OF RESPONSIBIL INDIVIDUAL 22b TELEPIIONE (Include Area code) 3 2 ALICE SYMBOL 
Donald Ae Barr | T" a. ۱ UBIO HG ATS NABA 
DD FORM 1473, 84 MAR 84 APER edition may be sed until ات ادا تا دی‎ 9۲ ۲ ۱۱۳۱۲ ۲۱ ۱ ۸۰۱۱۰۱۳۸۱ US PAGE 


ال ا ll.‏ مس ااا ا cr‏ 


Allotlice editions aii obsolete Unclassiticd 


Approved for public release, distribution is unlimited. 


Comparison of Graphical Terrain Resolutions 
By Scenario for the Janus(A) Combat Model 


by 
David J. ‚Toy 
Captain, United States Army 


B.S., California State University, Sacramento 


Submitted in partial fulfillment 
of the requirements for the degree of 


MASTER OF SCIENCE IN INFORMATION SYSTEMS 
from the 


NAVAL POSTGRADUATE SCHOOL 
March 1992 


ABSTRACT 

The purpose of this thesis is to investigate effects of 
the graphical terrain resolution of the Janus(A) Combat 
Simulation Model. Two scenarios were compared at differing 
terrain resolutions in order to determine if the resolution 
affects results of the simulation. Several measures of 
effectiveness (MOEs) were used in the study. The results 
suggest terrain resolution used in Janus(A) of Fort Hunter 
Liggett does not impact greatly on the outcome of the 
Simulations of two ground combat scenarios for most MOEs. 
However, there 1S enough evidence to suggest that further 
investigation of graphical terrain resolution should be 


conducted at higher resolutions. 


Pei 


0 
TAN 
13 
۳ 


13 


7 7 


—— 


TABLE OF CONTENTS 


INTRODUCTION 
A. GENERAL 
Bs MODEL ۵ ۱ DER 
en SCENARTOZPEVEROFEMNENT 
1. Scenario Selection 
2. Forces 
3. Routes 
D. “MEASURES OF BRPRFECTEVENE Ss 


Range to First Detectio!l 


Range to First Engagement 


Rande to Firo a aA 


Shots to Kill 


Shots on Target 


x= 


JANUS (A) COMBAT SIMULATION MODEL 


ON ISIS SADI, 


System Capabilities 


Terrain 
Nodes 
Line-of-Sight 


Engagements 


Lo: 


ze 


Dx 


4. 


5 


MODELING THE SCENARIOS IN JANUS (A) 


SESS, 


Lc 


T 


Jar? 


153 
13 
14 
16 
17 
17 
18 
18 
19 
19 
ES 
20 
23 
2 
26 
28 
28 
23 
31 


E 


JANUS(A) CONSTRAINTS 

1. Indirect Fires And Obstacles 
2. Line-of-Sight 

JANUS(A) SIMULATION RUNS 

DATA COLLECTION FROM JANUS 


DATA ANALYSIS 


COMPARISONS OF THE MEANS 


OVERVIEW 

ENDEPENEPENOGE OF DATA 

RESULT 

1. Range to First Detection 
2. Range to First Engagement 
Rauf“ Eo ELpst KaL] 

de koks cobra ll 


oe SORO SMO Target 


CONCLUSIONS AND RECOMMENDATIONS 


CONCLUSIONS 


RECOMMENDATIONS 


A. 


A. 


B: 


ITTI. 


IV. 


EET ERENCES 


XANTAL DISTRIBUTION LIST 


19 


24 


24 


25 


27 


LER SI 


BIRSTE 


FIRST 


ETEL 


TARGE 


TO 


TO 


TO 


TO 


ON 


RANGE 


RANGE 


RANGE 


SHOTS 


SHOTS 


LIST OF TABLES 


AVAILABLE SCENARIOS 


MEASURES OF EFBPECIE ELIE 


COMPARISON) OF “FEB” ME INDECO ا‎ 


BOS 


FOR 


FOR 


FOR 


OF THE. MEANS 


Or THE MEANS 


OF THE MEAN 


OF THE MEANS 


LETE TIN 


COMPARISON 


ENGAGEMENT 


COMPARISON 


KILL 


COMPARISON 


COMPARISON 


T 


TET 


Iy 


VI 


VILI 


TABLE 


TABLE 


TABLE 


TABLE 


TABLE 


TABLE 


TABLE 


5 


T3 


22 


25 


LIST OF FIGURES 
Scenario One Route of Advance (scale 7.5 
kilometers x 7.5 kilometers) 
Scenario Two Route of Advance (scale 7.5 
kilometers x 7.5 kilometers) 
Line-of-Sight 12.5 Meter Terrain Resolution 
(scale 7.5 kilometers x 7.5 kilometers) 
Line-of-Sight 100 Meter Terrain Resolution 
(scale 60 kilometers x 60 kilometers) 
Interaction of Resolution and Scenario Range 
to First Engagement 
Means and Confidence Intervals Range to First 


Engagement, by Scenario 


via 


Figure 


Figure 


Figure 


Figure 


Figure 


Figure 





I. INTRODUCTION 


A. GENERAL 

Modern combat modeling provides the ability to support the 
testing of new weapons systems by simulating the environmental 
and operational conditions under which the systems are tested. 
This requires the model to be patterned after the terrain on 
which the equipment is planned to be tested. Janus Army (A), 
a combat simulation model designed for the U.S. Army, offers 
varying graphical terrain resolutions to the modeler [Ref. 
1:p. 8]. Resolution describes the amount of terrain detail 
which will be incorporated into the model. The terrain is 
represented graphically in the model. 

In his thesis "Comparison of Tank Engagement Ranges from 
an Operational Field Test to the Janus(A) Combat Model", 
Captain Allen East recommends an "analysis of engagement 
ranges in Janus(A) using terrain resolution lower than 50 
meters [Ref. 2]." Captain East made this recommendation based 
upon his analysis which showed that Janus(A) consistently 
generated longer engagement ranges than found in operational 
field tests. He pointed out that the difference may be due 
to differences between the Janus(A) terrain database and the 
actual terrain. 

A statistical analysis was performed as part of this 


thesis to investigate the effects of graphical terrain 


resolution of the Janus (A) Combat Simulation Model. The effect 
of terrain resolution on weapons systems’ ability to see one 
another, line-of-sight, was analyzed as well. 

Modeling technology exists at Fort Hunter Liggett which 
Can support a one meter terrain resolution. One meter terrain 
resolution provides the modeler with more detailed terrain (1 
meter by 1 meter) than is presently available in Janus(A) 
database. The question arises as to whether the available 
terrain resolutions provide sufficient resolution for present 
and future modeling, and if so, at what dollar cost. A 
Training and Doctrine Analysis Command, Monterey (TRAC-MTRY) 
Study Fact Sheet states that current terrain resolutions may 
be inadequate and suggests using one meter terrain resolution 
in the near future [Ref. 3]. 

The analyses performed for this thesis showed that the 
level of terrain resolution may not have a significant overall 
affect on the outcome of the simulations conducted in 
Janus (A). However, 1n one instance the outcome of the 
simulations was affected. Investigation of the effects of 
using differing resolutions should continue. Investigation of 
the usefulness and cost effectiveness of one meter terrain 
resolution 1s recommended. These recommendations are based 
upon the findings of possible variations in ranges to first 
engagements for the simulation runs with 12.5 meter and 100 


meter terrain ceso kurion: 


B. MODEL-TEST-MODEL 

Mr. Walter W. Hollis, Deputy Under Secretary of the Army 
(Operations Research) has tasked the Army to provide 
E SnEIiNUOouS commitment to improving the modeling process [Ref. 
zu." Model-Test-Model (M-T-M) is a concept designed to 
exploit both combat simulation modeling and field testing such 
as that conducted by the Testing Experimentation Center (TEC) 
at Fort Hunter Liggett. The M-T-M process involves several 
phases ranging from pretest modeling to post-test acceptance 
of the model [Ref. 5]. rne concepe. ancludes conducting 
pretest combat simulation modeling prior to a field test to 
galn information useful in designing a field test. Such 
information may play a key role in determining whether test 
objectives will be met with the proposed test. This thesis is 
limited to considerations relating to the pretest modeling 


phase. 


©, SCENARIO DEVELOPMENT 
l. Scenario Selection 

An approved pretest scenario designed for the Abrams 
M1A2 Early User Test & Evaluation (EUTE) was selected for use 
in the thesis [Ref. 6]. The deliberate defense scenario 
chosen was one of four approved by the Armor Center, see Table 
I. This scenario was selected because the size of the main 
battle area allowed forces to be deployed ina 7.5 kilometer 
by 7.5 kilometer area. The scenario also offered differing 
types of terrain and vegetation. The scenario was altered, 


D 


two scenarios, in order to test effects of graphical terrain 
resolution with routes over substantially different terrain. 
Except for the scenarios and levels of resolution employed in 
Janus (A), all other controlable variables were held constant. 


TABLE I AVAILABLE SCENARIOS 
APPROVED JANUS (A) PRETEST 
MODELING SCENARIOS FOR MlA2 EUTE 


Meeting Two advancing units engage on battlefield 
Engagement 

Deliberate One unit prepares defense and waits for 
Defense attack by opposing force 


Deliberate One unit conducts detailed planning and 
Attack attacks opposing force 


Force under attack or about to come under 
attack quickly sets up in a unprepared 
defensive posture 





2. Forces 

In the deliberate defense the blue force, consisting 
of four M1A2 tanks, was placed in a defilade position on a 
hilltop overlooking the route over which the opposing force 
would travel. The blue force could move out of its defilade 
positions, detect, acquire, and fire at the opposing force. 
The blue force systems acted independently of one another, so 
each tank detected, acquired, and fired without regard to the 
other members of the blue force. 

The opposing red force consisted of ten Future Soviet 
tanks (FST) and four armored personnel carriers (BMPs). The 


red force was required to travel along a specified route past 


Bie ]| 1127 7م2028‎ 5 posztions. The red force had the capability 


o cdetecEing, asgussing, and firing, on the blue force. 


3. Routes 

The original route for the scenario was modified 
creating two routes of advance for the red force and thus two 
scenarios. The original route (Scenario One) entailed the red 
sorce moving along a valley wath very little cover and 
concealment provided by the terrain. The terrain across which 
the red force advanced was relatively flat. It included only 
۲۳ ۵ Mills which could limit the blue forces line-of-sight 
or Ehe wed force. 

Figure 1 illustrates the route of advance for the red 
force (Scenario One). The red force is located at the bottom 
eent hand cormer oL the figure. The routes of advance for 
the red force systems are indicated by the broken lines. The 
triangles are nodes which show a change in the direction of 
the system. 

The route in Scenario Two included hilly terrain that 
often obscured line-of-sight between the blue forces. The 
soute insured that the red foree would still pass in front of 
blue force as 1n Scenario One. Figure 2 illustrates the route 


Sr advance in Scenario Two. 





Advance (scale 7.5 kilometers x 7.5 
kilometers) 
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Figure 2 Scenario Two Route of 
Advance (scale 7.5 kilometers x 7.5 
kilometers) 


D. MEASURES OF EFFECTIVENESS (MOE) 

Measures of effectiveness were selected for use in 
examining 1f there are any significant differences using 
differing terrain resolutions. The MOEs are illustrated in 
Table II and described below. 


TABLE II MEASURES OF EFFECTIVENESS 


1. Range to First Detection 
















The range to first detection 1s the range at which the 
first red system was detected, either by optical or thermal 
sensors with which blue systems were equipped. 

2. Range to First Engagement 

The range to first engagement is the range at which 
Bae Initial round of the trial is fired by the blue force at 
a system of the red force. 

3. Range to First Kill 

The range to first kill is the range at which the 

first red force system was destroyed by a round fired by the 


blue force. 


4. Shots to Kill 
This is the number of shots fired by the blue force at 
the red force during the trial up to and INCluding the "Sus 
which led to the first red system's destruction. 
5. Shots on Target 
This MOE is the number of shots fired by the blue 


force at the red system that became the first kill. 


II. JANUS(A) COMBAT SIMULATION MODEL 


A. OVERVIEW 
The Janus(A) Combat Simulation Model supports the M-T-M 
concept by providing the Army automated tools to perform 
pretest modeling and post-test modeling and analysis of 
operational field test data. Janus(A) does not replace 
operational field testing of equipment, but can supplement 
operational field tests by extending test results and 
mroviding insight “into test design. Janus (A) used in 
conjunction with operational field tests may save the Army 
man-hours and dollars by reducing personnel and equipment 
required for operational testing of equipment. With the 
prospect of limited funds in the future, the Army may well be 
placing increasing emphasis on simulations such as Janus(A) to 
support operational testing. 
1. System Capabilities 
Janus(A) was developed by United States Army TRADOC 
Analysis Command White Sands Missile Range (TRAC-WSMR) to 
support tactical and doctrine analysis, and other Army studies 
Merz: pl). Mew Orovides an abyslity to model up to 600 
systems per side, which can perform the activities of 
movement, search, detection, or firing. These are individual 
systems which may be on the ground or in the air. The systems 


may be coordinated so as to model large scale tactical 


movement and engagement operations up to brigade level. [Ref. 
kapu. xie! 
2. Terrain 

Janus (A) graphically displays units or systems ona 
specific two dimensional terrain representation. This terrain 
representation (map) includes elevation contours, roads, 
rivers, cities, foliage, engineer barriers, and “Maem 
banppners “Be: to DIES) 

The terrain representation is stored in the Janus(A) 
database at differing resolutions. The terrain resolution may 
be tailored to study specific requirements. Janus(A) provides 
standard terrain resolutions of 12.5, 25, 50, 100, Parc 
meter terrain grids. A 600 X 600 cell digital terrain map is 
displayed on a monitor with terrain map display sizes of 7.5, 
15, 30, 60 and 120 kilometers respectively [Ref. l:p. 6]. For 
example, at the 12.5 meter resolution, the modeler will see 
projected on the monitor a map which is 7.5 kilometers m شب‎ 
kilometers. As the resolution decreases, the terrain map 
displayed will provide less detail but increased area of the 
map. Because the 12.5 meter resolution limits the score 
the battle by limiting the size of the battlefield, Cie ss 
resolutions, most notably the 50 6۲6۲ 65۵1101۵۳ MN 
ave UuSSON EorsSlmulation purposes: 

At the 12.5 meter resolution, Janus(A) calcul sS 
heights of elevations every 12.5 meters and at the 100 meter 


resolution every 100 meters. Thus, a hill which may apr sS 
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the 12.5 meter resolution to block the line-of-sight may not 
appeer om che 100 meter resolution. In addition, a valley may 
also eppear ac the 12.5 meter resolution and not at the 100 
meter resolution. 
3. Nodes 

Janus(4) uses nodes to define specific routes the 
systems wili traverse. A modeler places an initial node at 
the point movement originates. Then the modeler uses a puck 


to move to the next position where the system must change 


E Ion anc places a node at this point. A line is drawn on 


pa 


the screen from the previously defined node as the puck is 


moved. The modeler can see wnether the route between nodes 


۳۹ 


EO establish a desired rouze for the systems. The modeler 
uses thxs procedure to establish a route for each individua 
system. Tne modeler can view all of the routes selected for 


Ehe weapons systems, or for each individual weapons system as 


desired The digitized terrain is also used by Janus(A) to 
„Brexitine wehicle movement rates along specific routes. [Ref. 
8] 


7 : E : T e : - 3 ~ : 1 : - — * pe Mem _ 
اس‎ 12 0۲ - 21/۳1۲ is tHe ability of a system To detect 


EMokher weapords system by either using optzcal or thermal 


red system is within a blue system field of view and sensor 
range, an algorithm determines line-of-sight based on terrain, 
weather, and size of target. If the blue system has line-of- 
sight with the red system then a detection list is developed 
for the blue system, based upon input parameters. [Ref. 7:p. 
2 

Line-of-sight is significantly affected by terrain 


features such as hills, valleys, foliage, and man made objects 


such as "bo LOSS It is also affected by weather, smoke, 
dust, and the tıme of day or night. Janus(A) allows the 
modeler to control each of these varıables. However, while 


Janus can replicate each of these varıables to some degree, 
there will be variability between the operational field test 
and the model |۱۱ ار‎ 
5. Engagements 

In Janus(A), engagements can occur once a system has 
been detected, placed on the detection list, and determined to 
be within the maximum range of fire for the firing system, 
assuming the firer has ammunition. Janus(A) uses probability 
of hit (PH) and probability of kill (PK) data sets for on 
weapon and target combination. For a specific engagement, the 
appropriate PH and PK data sets are assessed and interpolated 
on range. The computed PH and PK are then compared to uniform 
random number draws to determine the outcome of the 


engagement. As opposing systems close, the PH and PK values 


1 


increase so the probabilities of hit or kill also increase. 
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B. MODELING THE SCENARIOS IN JANUS(A) 

NEN ig majs coop linates” frone ort Hunter Liggett the 
matching terrain file from the Janus(A) database was selected 
and saved. The blue and red systems were placed 1n the 
۱۲ |) 31ت‎ positions described in Chapter 1, Section C of this 
thesis. Routes for Scenario One were those used in the M1A2 
EUTE pretest modeling. Each red system’s route was built 
using the procedure described above utilizing nodes. 

The second scenario was built by modifying Scenario One. 
Scenario One was changed so the red force traversed terrain 
with intervening hills between the blue and the red force (see 
Figures 1 and 2). Once the red force had navigated around the 
mountainous terrain, 16 returned to the original route which 


posed directly in front of the blue force. 


E SIMULATION CONSTRAINTS 

There are several restrictions on the scenarios used in 
the model. 

l. Indirect Fires and Obstacles 

Though Janus(A) allows the deployment and employment 

of systems not requiring line-of-sight, such as aircraft and 
field artillery, these systems were intentionally left out of 
the scenarios. Other aspects of the battle, such as placement 
and minefields or other man made obstructions were not 


E 


included. Smoke, dust, weather affects were also eliminated. 

The purpose of placing such constraints on the Janu) 

scenarios was to avoid, where possible, the interference with 

line-of-sight between weapons systems by elements other than 

the terrain and the possible effects of the resolution levels. 
2. Line-of-Sight 

Figures 3, and 4 show line-of-sight limitations in 
Janus(A). The lines extending from the blue force illustrate 
line-of-sight for the blue system selected. The dark solid 
lines are the outer brackets for the field-of-view of the blue 
system. Breaks in the lines are places where the blue system 
may not be able to detect other systems. The dotted line 
above the bottom right corner of the figure is the maximum 
range of engagement for the blue system. 

The 12.5 meter resolution (Figure 3) line-of-sight for 
the blue system shows breaks in line-of-sight not shown with 
the 100 meter resolution (Figure 4). Since the 12.5 mem 
terrain resolution includes greater terrain detail, it may 
include terrain that the 100 meter resolution does not. This 
may lead to detections or kills at longer ranges for the 100 


meter reso lusi 
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- "1 3 ۳ A 
Line-of-Sight 2205 

Meter Terrain Resolution (scale 

7.5 kilometers x 7.5 kilometers) 








9 n Ar Y 
Figure 4 Line-of-Sight 100 Meter 
Terrain Resolution (gcale 60 
kilometers x 60 kilometers) 
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D. JANUS(A) SIMULATION RUNS 

Once developed, the simulations were run to insure they 
worked correctly. A 95% confidence interval for the mean Mir 
range to detection was selected as a basis for determining the 
number of simulations required to run for the analysis of 
resolution effects. The sampled populations were not normal, 
but sample sizes were large enough to allow use of normal 
distbribution theory, using the Central Limite Theorem [ES 
9]. The sample size required for the number of simulation 
runs was determined using the formula [Ref. 10]: 


2 . 
na 20/28 
L? 


where n is the number of observations, z is a standard normal 
variable, œ is the probability of a type I error, 6 is the 
point estimate for the standard deviation, and L is the length 
of the confidence interval, The point estimate of the 
standard deviation of the M1A2 detection ranges, 6, was based 
on using data from five simulation runs of Scenario One. The 
length of the confidence interval, L, was 50 meters. 
Considering the means for detection ranges ranged from 3000 to 
3300 meters, a 50 meter-wide confidence interval is 
appropriate. Using the formula above the sample size of M1A2 
detections for a (1-@)100% confidence interval of length 50 


resu "Esa; 
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یر 
50۶ 


» 


۳۳ ۲۱ five simulation runs of Scenario One, the average 
number of detections per trial was 422. Dividing n by the 
average number of detections gives the number of simulation 
Buns which are necessary. The calculation 637/422 is 1.51 or 
approximately 2. Ten simulations runs were made for each 
route which should provide ample data for statistical 


analysis. 


E. DATA COLLECTION FROM JANUS(A) 

After each trial, the Janus(A) Postprocesser was utilized 
ESO"ootaln the data on the MOEs. The postprocesser Direct Fire 
Report, Coroners Report, and Detection Report generators 
enable the analyst to collect and save the data for each trial 


Er rurther analysis. (Re£. 11:p. 58] 


E», DATA ANALYSIS 
Data were analyzed using the statistical analysis package 
STATGRAPHICS [Ref. 12]. This software package provides 


analytical and graphical capabilities. 
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III. COMPARISONS OF THE MEANS 


A. OVERVIEW 

The means for the 12.5 and 100 meter terrain resolutions 
for each MOE were compared in an effort to see 1f the means 
were approximately equal. The samples consisted of 10 trials 
at the 12.5 meters terrain resolution and 10 trials at the 100 
meter terrain resolution for Scenario One and 10 trials at 
each resolution for Scenario Two. 

To aid in finding out if terrain resolution did affec Eaa 
Simulations of the two scenarios, three null hypotheses were 
established and tested. The first hypothesis stated that 
means for each MOE at the 12.5 meter terrain resolution is 
equal to the mean at the 100 meter terrain resolution. The 
second hypothesis stated that the means for each MOE were 
equal for the two scenarios. The third hypothesis stated that 
there is no interaction between the scenario and the 
1 ان ند انا ان دی‎ IER 

Analysis of each sample using STATGRAPHICS' Summary 
Statistics option showed that the data were not normally 
distributo A two-way analysis of the variance (AOV) was 
employed for data analysis. In using this procedure one 
assumes normality of the samples, however, the two-way AOV 1s 
known to be quite robust with respect to departure from 


normality (Ren eee e 
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Homogeneity of variance for each MOE was analyzed. Where 
numerical counts were involved, as with the MOEs Shots to Kill 
and Shots on Target, transformations were performed to 


Stabilize the variance [Ref. 13:p. 232]. 


B. INDEPENDENCE OF DATA 
۱3۳ ] 2011 darrerene runs of Janus(A) are assumed to be 


independent. 


en RESULTS 

Results of the analyses showed that for four of the five 
MOEs, a minimum of two of the three hypotheses failed to be 
rejected. The results of the analysıs using Range to First 
Engagement as an MOE indicated all three hypotheses should be 
rejected. A more detailed discussion of the results follows. 

1. Range to First Detection 

The AOV results showed no significance for any of the 

hypotheses, see Table III. 


TABLE III COMPARISON OF THE MEANS FOR 
RANGE TO FIRST DETECTION 


ANALYSIS OF THE VARIANCE 
RANCE TSU FIST DETECTION 


Source de 55 ms F SL 
level 


| Exror | 36 | risiazo| A 





t9 


The lack of significance for these hypotheses may tend 
to lead the modeler to reject the notion that Range to First 
Detection would be affected by the terrain resolution. The 
results also showed that there apparently was very little 
interaction between Scenario and Resolution. Section CK. 
Chapter II illustrated possible differences in line-of-sight 
for the 12.5 and 100 meter terrain resolutions. For these 
Simulations it was possible that line-of-sight had no affect 
on the results of the simulation runs of the two scenarios 
because of the flatness of the terrain at the range the 
systems were detected. 

Scenario One and Scenario Two had the same initial 
coordinates for the red force. At this location there was 
relatively flat terrain and the red force was within the 
maximum detection range of the blue force. The flatness of 
the terrain combined with the close initial proximity و کلب‎ 
red force to the blue force may have allowed the blue force to 
attain line-of-sight and detection of the red force. This 
might explain the similarity of the means at one 12.5 andl ۲ 
meter terrain resolutions, as well as the equality of the 
means between scenarios. 

2. Range to First Engagement 
Results of the AOV for this MOE indicated that each of 


the three hypotheses showed significance, see Table IV. 
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TABLE IV COMPARISON OF THE MEANS FOR 
RANGE TO FIRST ENGAGEMENT 


ANALYSIS OF THE VARIANCE 

RANGE TO FIRST ENGAGEMENT 
Source S1g 
onaj; 


een ۳ ۵۵ 1 
ee el 
Ess Lt uses | 997999 | 9.392 [9946 
Lex Jas [eso] ome] | | 


The results of the AOV show significant interaction 





between Scenario and Resolution. Figure 5 1s a plot of the 
interaction between Scenario and Resolution. The numbers on 
the curves denote the scenario. The graph indicates the 


nature of the interaction between Resolution and Scenario. 

One-way AOVs, egquivilant to t-tests, were conducted for 
each scenario using the hypothesis of equal means for the 
range to first engagement between 12.5 meter and 100 meter 
terrain resolutions. The results of the AOV for Scenario One 
showed there was no significance. However, there was 
significance for Scenario Two. The mean range to first 
engagement for the 12.5 meter resolution for Scenario Two was 
2,876 meters while the mean range to first engagement for the 
scenario at 100 meter terrain resolution was 2,680 meters. 
meters. 

Because of the greater level of terrain detail at the 
12.5 meter terrain resolution, which might limit or enhance 


line-of-sight, the mean ranges to first engagement at the 12.5 
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Plot of Interactions 
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RESOLUTION 


Figure 5 Interaction of Resolution and Scenario Range to 
First Engagement 


meter terrain resolution could have been either closer to or 
farther from the blue force than at the 100 meter terrain 
resolution. Figure 6 illustrates the difference in the mean 
range to the first engagement for scenarios one and two. 

The route of advance of the red force behind the hills in 
Scenario Two appeared to have screened 1t from the blue force, 
whereas the red force in Scenario One was not protected by the 


terrain as it advanced along flatter terrain. This may 
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explain why the range to the first engagement was lower for 


Scenario, Two. 
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SCENARIO 


Figure 6 Means and Confidence Intervals Range to First 
Engagement, by Scenario 


3. Range to First Kill 
Results of the AOV indicated significance for only the 
hypothesis of equal mean range to first kill for the two 


Scenarios, see Table V. 
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TABLE V COMPARISON OF THE MEANS FOR 
RANGE TO FIRST KILL 


ANALYSIS OP THES VARTANCE 
RANGE TO FIRSIS KELL 


Source df SS ms F lej. 
level 


| Resolution | 1 | .1281424 | .1281424 [2.312 |.1371 | 
[Error | 36 [uooaesia | 0554134 5 | | 


The first and third hypotheses were not significant. 





The means were approximately equal at the 12.5 and 100 meter 
terrain resolutions. No significant interaction was tonum 
While Section C, Chapter II showed that line-of-sight may vary 
be resolution, for this MOE the red force was in line-of-sight 
of the blue force at the same range for each terrain 
resolution, resulting in similiar means. For the simulations 
which were run, line-of-sight was achieved at both the 12.5 
and 100 meter terrain resolutions at the approximately the 
Same mean range. If line-of-sight had been significantly 
affected by the terrain resolution, the result should have 
shown that the mean range to first kill at the 12.5 meter 
terrain resolution was not equal to the mean range for first 
kill at the 100 meter terrain resolution. 

When compared by scenario, the mean ranges to first 
kill were quite different, and the second hypothesis should be 
significant. Range to first kill for Scenario One was 29559 


meters while fort Scenario U. LD اس‎ -u-8 AS one 
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might suspect based upon the terrain, Scenario Two's mean 
ranges to first kill were shorter than Scenario One’s. The 
terrain of Scenario Two may have limited line-of-sight for the 
blue force resulting in the shorter ranges to the first kill 
her Scenario Two. 
4. Shots to Kill 

Shots to Kill differs from the previous MOEs in that 
1t 1S a numerical count rather than a range. Since this MOE’s 
distribution was possibly geometric in nature a square root 
transformation was performed. The results of the AOV for the 
MOE square root Shots To Kill indicated no significance for 
two of the three null hypotheses, see Table VI. 


TABLE VI COMPARISON OF THE MEANS FOR 
SHOTS TO KILL 


| ANALYSIS OF THE VARIANCE 
SODAR E ROOT OF SHOTS TO KELL 
source Sig. 
ae 


| Resolution _ لهذا‎ 
a E 
ضر‎ | 1 | 0010973 | 0010973 | .002_| .9750_ 
[sor Pas [oe با اه دوه‎ 


The mean square root shots to kill 12.5 meter terrain 





sosolution was not significantly different from that for the 
100 meter terrain resolution. If the blue force had the same 
line-of-sight at the same ranges for each simulation run, thus 
having provided the same shot opportunities, then similiar 


۲۱۱-2 ای‎ ۱ resulted. This result would indicate that 
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terrain resolution may have had little affect on mean shots to 
kill for the two scenarios. 

As in the previous MOE, the second hypothesis was 
significant. The mean number of shots to the first kill for 
Scenario Two was significantly fewer than for Scenario One 
(2.9 shots vs 2.3 shots). If the number of engagements for 
Scenario Two occurred closer to the blue force thong 
Scenario One, the probabilities of a hit or kill would be 
higher. The high probability of a kill may explain the lower 
number of shots expended in the Scenario Two simulation runs. 
This reasoning would suggest that the terrain in Scenario Two 
may have caused limited line-of-sight of the blue force. 

5. Shots on Target 

Shots on Target is also a numerical count. This MOE 
may have had a poisson-like distribution. A transformation 
was performed by taking the logarithm of shots on target. The 
transformation stabilized the variance and tests of the three 
null hypotheses were made using AOV. The AOV indicated none 


of the three hypotheses was significant, see Table VII. 
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TABLE VII COMPARISON OF THE MEANS FOR 
SHOTS ON TARGET 


ANALYSIS OF THE VARIANCE 
LOG (SHOTS ON TARGET) 


Source Sig. 
level 


| Resolution | 1 
error | 36 [17676694] 4910153] Y 


Duc 1 ۳ 8 0۱2 resolusion S mean tor shorts ion 





the target destroyed first was approximately the same as for 
the 100 meter terrain resolution. The blue force may have had 
line-of-sight of the red force at nearly the same ranges for 
each simulation run. 1۶ line-of-sight existed at the same 
range then it is possible that the target was shot at 
approximately the same mean number of times regardless of the 
resolution. When compared by scenario, the mean log (shots on 
target) for Scenario Two was not different from the mean for 
Scenario One. There was no intereaction between Resolution 


END Scenario. 
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IV. CONCLUSIONS AND RECOMMENDATIONS 


A. CONCLUSION 

There is very little evidence suggesting terrain 
resolution significantly affected the outcomes of the Janus (A) 
Simulation runs for the deliberate defense scenario using Fort 
Hunter Liggett terrain. The data from simulations of two 
scenarios at 12.5 and 100 meter terrain resolutions 5 
examined. Only for one MOE, Range to First Engagement, did 
the results of analysis indicate rejection of each of the 
three hypotheses of equal means. 

The question remains whether there is a difference in the 
outcome of simulation runs using the 12.5 meter terrain 
resolution versus using the 100 meter terrain resolution. The 
12.5 meter terrain resolution is used to provide greater 
terrain detail though using it sacrifices the size of the 
terrain map displayed by Janus(A). Using 100 meter terrain 
resolution gives less terrain detail and provides a larger 
terrain map display. Using the 12.5 meter terrain resolution 
may not result in significantly closer ranges of detection, 
engagement and kills than using the 100 meter resolution even 
if the terrain has terrain features such as hills, valleys, 
foliage, etc. For the deliberate defense scenarios considered 
here, the terrain resolutions were not associated with 


significant differences in the MOE means, except for the Range 
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to First Engagement, even with two scenarlos having greatly 


differing terrains. 


B. RECOMMENDATIONS 

The analyses of the Range to First Engagement data 
indicated there might be some affect related to levels of 
terrain resolution. The indication that there is some 
difference using 12.5 versus 100 meter terrain resolution, 
though, warrants further investigation. 

In the introduction mention was made of the availability 
Of a 1 meter database of the Fort Hunter Liggett terrain. 
There is great interest at TRAC-MTRY in determining the 
optimal level of resolution for modeling purposes. The 
interest stems from the concern that the Janus(A) terrain 
database may not adequately replicate the actual terrain on 
which the operational field tests take place [Ref. 3:p. 1]. 
Hills, valleys, and foliage that actually exist are not 
represented 1n the Janus(A) terrain database, nor are the 
effects of man and time on the physical attributes of the 
terrain. 

The comparison between 12.5 meter and 100 meter terrain 
resolutions did not show a great affect on the results of the 
simulation runs which were considered. However, a comparison 
of 1 meter and 12.5 meter terrain resolution might show 
differences that were not found in this thesis. Possibly 
other MOE's should be considered in addition to those used 
here. Further investigations should be made of the affects of 
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levels of terrain resolution on other scenarios, possibly with 
finer levels of resolution. This should include the 1 meter 


Fort Hunter Liggett database, when it becomes available in 


Janus (A). 
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